Deletion of the taurine transporter gene (taut) results in lowered levels of taurine, the most abundant amino acid in mammals. Here, we show that taut ؊/؊ mice have lost their ability to self-heal blood-stage infections with Plasmodium chabaudi malaria. All taut ؊/؊ mice succumb to infections during crisis, while about 90% of the control taut ؉/؉ mice survive. The latter retain unchanged taurine levels even at peak parasitemia. Deletion of taut, however, results in the lowering of circulating taurine levels from 540 to 264 mol/liter, and infections cause additional lowering to 192 mol/liter. Peak parasitemia levels in taut ؊/؊ mice are approximately 60% higher than those in taut ؉/؉ mice, an elevation that is associated with increased systemic tumor necrosis factor alpha (TNF-␣) and interleukin-1␤ (IL-1␤) levels, as well as with liver injuries. The latter manifest as increased systemic ammonia levels, a perturbed capacity to entrap injected particles, and increased expression of genes encoding TNF-␣, IL-1␤, IL-6, inducible nitric oxide synthase (iNOS), NF-B, and vitamin D receptor (VDR). Autopsy reveals multiorgan failure as the cause of death for malaria-infected taut ؊/؊ mice. Our data indicate that taut-controlled taurine homeostasis is essential for resistance to P. chabaudi malaria. Taurine deficiency due to taut deletion, however, impairs the eryptosis of P. chabaudi-parasitized erythrocytes and expedites increases in systemic TNF-␣, IL-1␤, and ammonia levels, presumably contributing to multiorgan failure in P. chabaudi-infected taut ؊/؊ mice.
Taurine, a nonprotein sulfur-containing amino acid, is the most abundant amino acid in mammals, occurring both in cells and in blood plasma (7, 22) . It plays an important role in diverse biological processes, such as cell volume regulation, neuromodulation, antioxidant defense, protein stabilization, and stress responses (11, 16, 46, 48, 54) . Taurine may protect cells against various types of injury (11, 16, 29, 38, 45, 48, 54, 56) . In particular, taurine is considered a basic regulator of cell homeostasis, presumably as an osmolyte and chaperone (19) . According to the current view, taurine is synthesized from cysteine primarily-if not exclusively-in hepatocytes, and it is then exported to the plasma and imported into other cells via the taurine transporter (22) .
The disruption of the taurine transporter gene (taut) by homologous recombination causes reductions of 80 to 98% in taurine levels in plasma and blood cells, as well as in tissues such as the brain, the kidney, and skeletal and heart muscles (20, 50, 51) . Moreover, taut Ϫ/Ϫ mice exhibit decreased resistance to osmotic shock and oxidation stress (31) . Taurine levels in the liver are decreased by about 70% in adult taut Ϫ/Ϫ mice; in particular, they are decreased by more than 80% in Kupffer and sinusoidal endothelial cells and by only approximately 30% in liver parenchymal cells (50) . Taurine availability is an important modulator of Kupffer cell functions, such as phagocytosis and eicosanoid synthesis (52) . taut-deficient mice develop moderate unspecific hepatitis and liver fibrosis at older than 1 year (50, 51) . Moreover, though our knowledge is still poor, some information is available on how the immune system is affected by taut depletion (17) . For instance, taurine modulates basic functions of leukocytes, such as phagocytosis, prostanoid formation, and cytokine formation (22, 39, 43, 45, 52, 53) . However, the consequences of lowered taurine levels for the outcomes of infectious diseases have not been investigated to date.
Malaria is one of the major infectious diseases worldwide, with about 1 million to 3 millions deaths per year (13) . The liver plays a central role in malaria: it is the site where the preerythrocytic stages of the malaria parasites have to develop and multiply (in hepatocytes), but it is also the site where the intraerythrocytic stages of the parasites, which are responsible for disease and death, can be trapped and even destroyed (2, 3, 28) . Predominantly the Kupffer cells, which constitute approximately 80 to 90% of total macrophages, contribute to the trapping capacity of the liver. Recent evidence obtained in experimental Plasmodium chabaudi malaria indicates that during the crisis phase of infection, when parasitemia drops from about 50% to below 1% within 3 to 4 days, the liver improves its trapping capacity, whereas the spleen is largely closed (27) .
In the present study, we show that the lowering of taurine levels due to taut deletion results in a lethal outcome of oth-erwise self-healing blood-stage malaria caused by P. chabaudi in mice.
MATERIALS AND METHODS

Animals. Mice with disrupted taurine transporters (taut
Ϫ/Ϫ
) have been generated previously by homologous recombination using embryonic stem (ES) cells of 129/SvJ origin in C57BL/6 mice (20) . The same mixed genetic background is present in the taut ϩ/ϩ mice. Mice were bred under specific-pathogen-free conditions in our central animal facilities. Experiments were performed with 10-to 14-week-old female mice. They were housed in plastic cages and received a standard diet (Wohrlin, Bad Salzuflen, Germany) and water ad libitum. The experiments were approved by the State authorities and followed German law on animal protection.
Blood-stage malaria. We used a nonclonal line of P. chabaudi (59) exhibiting a restriction length polymorphism pattern very similar, but not identical, to that of Plasmodium chabaudi chabaudi AS (28) . Erythrocytic stages of P. chabaudi were passaged weekly in NMRI mice. Blood was taken from these mice, and 10 6 P. chabaudi-infected erythrocytes were injected intraperitoneally (i.p.) into the taut ϩ/ϩ and taut Ϫ/Ϫ mice. Parasitemia was evaluated in Giemsa-stained blood smears. The total number of erythrocytes was determined in a Neubauer chamber.
Liver histology. Five taut ϩ/ϩ mice and 5 taut Ϫ/Ϫ mice, all infected with P. chabaudi, were killed at peak parasitemia on day 8 postinfection (p.i.) by cervical dislocation. Livers were removed, cut into small pieces, fixed first with 2.5% glutaraldehyde buffered with 0.1 M sodium cacodylate (pH 7.2) at room temperature for 1 h and then with 2% OsO 4 at 4°C for 2 to 3 h, dehydrated in graded solutions of ethanol, and embedded in Spurr's resin. Semithin sections were stained with toluidine blue-borax.
Determination of particle trapping. Mice were injected with 200 l phosphatebuffered saline (PBS) containing 1.3 ϫ 10 8 green fluorescent beads (diameter, 3 m) by the method of Pinkerton and Webber (40) , and uptake by the liver after 5 min was measured by a procedure detailed recently (27) . In brief, mice were killed by cervical dislocation, and parts of liver lobes were removed and weighed. Then the tissue was dissolved in KOH and 0.5% Tween 80 in ethanol. Red beads were added as an internal control. The samples were then subjected to several extractions, and the purified beads were resuspended in distilled H 2 O. Their fluorescence intensity was measured at excitation and emission wavelengths of 450 and 480 nm for green beads and 520 and 590 nm for red beads, respectively (27) .
Histopathology. taut ϩ/ϩ mice killed by cervical dislocation at peak parasitemia on day 8 p.i. and taut Ϫ/Ϫ mice that had succumbed to infection during crisis were ventrally opened by longitudinal cuts and were then immersed in 4% neutral formaldehyde. Organs were then prepared and embedded in paraffin. Fivemicrometer-thick sections were cut, dewaxed with xylene, rehydrated, and stained with hematoxylin and eosin as well as with Giemsa stain for routine morphology. In addition, the sections were washed three times, for 5 min each time, in Tris buffer (pH 6.8), incubated at 4°C for 24 h with 3 g/ml of a fluorescein isothiocyanate (FITC)-labeled isolectin IB 4 antibody (Sigma, Deisenhofen, Germany), and examined by fluorescence/phase-contrast microscopy for brain microglial cells and stimulated murine macrophages and monocytes. Control sections were stained without IB 4 .
RNA isolation. Approximately 250 mg frozen liver was homogenized with an Ultra-Turrax homogenizer in 5 ml Trizol (Peqlab Biotechnologie, Erlangen, Germany) for 1 min. After being mixed with 1 ml chloroform for 15 s, the suspension was incubated for 15 min at room temperature and was centrifuged at 3,000 ϫ g for 45 min. After isopropanol precipitation of the supernatant, the pellet was washed twice with 80% ethanol, air dried, and dissolved in 200 l RNase-free water. RNA concentrations were determined at 260 nm.
qRT-PCR. All RNA samples were treated with DNase (Applied Biosystems, Darmstadt, Germany) for at least 1 h and were then converted into cDNA by following the manufacturer's protocol using the reverse transcription kit (Qiagen, Hilden, Germany). Quantitative real-time PCR (qRT-PCR) was performed using the ABI Prism 7500HT sequence detection system (Applied Biosystems, Darmstadt, Germany) with SYBR green PCR master mix from Qiagen (Hilden, Germany). We investigated the genes encoding the mRNAs for the following proteins: interleukin-1␤ (IL-1␤), tumor necrosis factor alpha (TNF-␣), IL-6, nuclear factor B (NF-B), inducible nitric oxide synthase (iNOS), vitamin D receptor (VDR), CYP3A11 (cytochrome P450, family 3, subfamily a, polypeptide 11), CYP7A1, SULT2B1 (sulfotransferase family 2B, member 1), UGT1A1 (UDP-glucuronosyltransferase family 1, polypeptide A1), multidrug resistance protein 4 (MRP4), and beta-actin (Actb). All primers used for qRT-PCR were obtained commercially from Qiagen. PCRs were conducted as follows: 2 min at 50°C to activate uracil-N-glycosylase (UNG); 95°C for 10 min to deactivate UNG; and 40 cycles at 94°C for 15 s, 60°C for 35 s, and 72°C for 30 s. Reaction specificity was checked by performing dissociation curves after PCR. For quantification, mRNA levels were normalized to those of 18S rRNA. The threshold cycle (C T ) value is the cycle number, selected from the logarithmic phase of the PCR curve, in which an increase in fluorescence above background can be detected. ⌬C T is determined by subtracting the C T of 18S rRNA from the C T of the target. The relative mRNA levels in noninfected mice are described as the ratio of the target mRNA copy number to the 18S rRNA copy number (2 Ϫ⌬CT ). The fold induction of mRNA expression on day 8 p.i. was determined using the 2 Ϫ⌬⌬CT method (Ϫ⌬⌬C T ϭ ⌬C T at day 0 p.i. Ϫ⌬C T at day 8 p.i.). Blood analysis. Plasma and serum were prepared from blood and were then analyzed as follows. Plasma taurine levels were detected as described previously (20) . Levels of ammonia, bilirubin, and bile acids (3␣-hydroxysteroid dehydrogenase assay) in plasma, as well as activities of aspartate aminotransferase and alanine aminotransferase, were determined using the standard methods of the International Federation of Clinical Chemistry. In sera, IL-1␤, IL-6, and TNF-␣ levels were measured using enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems, Minneapolis, MN) according to the manufacturer's protocols. Total NO was analyzed using a commercially available kit (R&D Systems).
Statistical analysis. A two-tailed Student t test and a Fisher exact test were used for statistical analysis. Only P values of Ͻ0.01 were considered to be highly significant.
RESULTS
Course of infections.
Blood-stage infections with P. chabaudi take a self-healing course in female taut ϩ/ϩ mice, i.e., approximately 90% of the challenged taut ϩ/ϩ mice survive the infections (Fig. 1) . The self-healing course is characterized by a precrisis phase with increasing parasitemia, culminating in peak parasitemia of approximately 40% on day 8 p.i., followed by the crisis phase, with parasitemia falling dramatically, below about 2%, within 5 days. Thereafter, a second peak with a parasitemia of approximately 25% occurs on day 18 p.i., followed by the chronic phase of persistent low-grade parasitemia, presumably controlled by protective immune mechanisms. In contrast to taut ϩ/ϩ mice, however, all taut Ϫ/Ϫ mice succumb to infection. Peak parasitemia occurs on day 8 p.i. also but is significantly increased, to approximately 65% (Fig. 1), i.e., there are about 60% more parasitized erythrocytes in taut Ϫ/Ϫ mice than in taut ϩ/ϩ mice at peak parasitemia. All taut Ϫ/Ϫ mice die during crisis, between days 8 and 13 p.i. Figure 1 indicates the days of death of the individual mice.
Liver structure and particle trapping. Deletion of the taut gene does not result in any visible changes in the structures of the livers of 2-month-old mice at the light microscopic level (50) . Upon infection, however, the liver progressively experiences alterations. At peak parasitemia, the tissue reveals some necrotic areas and changes typical of inflammation. Kupffer cells of taut Ϫ/Ϫ mice are apparently more hypertrophic and more overloaded with hemozoin ( Fig. 2A) In order to semiquantify possible differences in phagocytic activity between taut Ϫ/Ϫ and taut ϩ/ϩ mice in vivo, we have determined the trapping capacity of the liver. Figure 2B shows that the livers of noninfected taut ϩ/ϩ mice are able to entrap approximately 9 ϫ 10 6 fluorescent, 3-m-diameter polystyrene beads per 100 g of liver. At peak parasitemia, however, this trapping capacity is significantly reduced, by about 60%. In contrast, there is no significant reduction in the specific trapping capacity of the liver in taut Ϫ/Ϫ mice at peak parasitemia (Fig. 2B) .
Hepatic gene expression. Quantitative real-time PCR was used to detect changes in the mRNA levels of different genes in the liver. Deletion of the taut gene did not affect the expression of the genes tested in noninfected mice. Upon infection, however, there was a significant increase in the mRNA expression of genes in taut Ϫ/Ϫ mice in comparison to that in taut ϩ/ϩ mice: IL-1␤, TNF-␣, IL-6, and iNOS were more highly expressed in taut Ϫ/Ϫ mice. Also, expression of the genes encoding NF-B and VDR was increased. In contrast, the mRNA expression patterns of CYP3A11, SULT2B1, UGT1A1, MRP4, and Actb in response to malaria did not differ significantly between taut Ϫ/Ϫ and taut ϩ/ϩ mice (Fig. 3 ). Blood parameters. Deletion of taut results in a significant reduction (about 50%) in taurine levels in the plasma (Table  1) , in accordance with previous data (20) . Also, aspartate transaminase (AST) levels are apparently diminished by about the same percentage (Table 1) . However, the concentrations of alanine transaminase (ALT), bile acids, and bilirubin in plasma are not affected by the deletion of taut. Also, there is no influence on the levels of IL-1␤, IL-6, TNF-␣, and total NO in serum (Table 2) .
Upon infection, the taurine levels remained unaffected at peak parasitemia in taut ϩ/ϩ mice, whereas taut Ϫ/Ϫ mice exhibited a further dropping of the circulating taurine level in comparison to that in noninfected taut Ϫ/Ϫ mice on day 8 p.i. (Table  1) . Infection induced strong increases in AST, ALT, bile acid, and bilirubin levels on day 8 p.i., but these parameters were not significantly different between taut ϩ/ϩ and taut Ϫ/Ϫ mice. The major significant difference between taut ϩ/ϩ and taut Ϫ/Ϫ mice at peak parasitemia was the content of ammonia in plasma, which was increased by about 270% in taut ϩ/ϩ mice and by about 400% in taut Ϫ/Ϫ mice ( Table 1) . As expected, infections caused increases in the levels of the three cytokines IL-1␤, IL-6, and TNF-␣, and in total NO levels, in both taut ϩ/ϩ and taut Ϫ/Ϫ mice at peak parasitemia (Table 2) . Although IL-6 levels increased dramatically at peak parasitemia, the difference between taut ϩ/ϩ and taut Ϫ/Ϫ mice was not significant ( Table 2 ). The only significant differences at peak parasitemia were the higher levels of TNF-␣ and IL-1␤ in taut Ϫ/Ϫ mice ( Table 2 ). Histopathology. P. chabaudi infections caused increased levels of ammonia in the blood of taut Ϫ/Ϫ mice at peak parasitemia (Table 1) , suggesting undesired adverse effects on other organs. The brain is especially sensitive to ammonia intoxication, which eventually leads to hepatic encephalopathy (8, 9, 18, 19, 36) . When we examined slices of cerebrum and cerebellum from taut Ϫ/Ϫ mice, which had succumbed to P. chabaudi infections during the crisis phase, destruction of the microvasculature was widespread (Fig. 4A ). In particular, the vessels contained parasitized erythrocytes, as well as monocytes and macrophages with hemozoin deposits (Fig. 4A and  B) . The vessel walls were partially destroyed, allowing blood cells to invade adjacent brain tissue (Fig. 4C) . Damage of the microvasculature also manifested as intravascular monocyte aggregation, vasodilatation, edema, endothelial cell activation, swelling of endothelial cell nuclei, increased numbers of activated microglial cells in perivascular species, plugging of small vessels with erythrocytes and mononuclear cells, and occasional rupture of vessel walls (37) . In particular, small vessels were plugged with both parasitized and nonparasitized erythrocytes, causing focal microhemorrhages. Moreover, the lumens of vessels were occasionally occluded by monocytes that adhered tightly to the endothelium of the microvasculature. Moreover, the hearts of these dead taut Ϫ/Ϫ mice revealed a series of morphological alterations. There was interstitial edema with moderate mononuclear cell infiltration; the sizes of cardiomyocytes differed; and myofibers often appeared thinner than normal and wavy (Fig. 4D) . Furthermore, severe changes were also detected in the lungs. These changes became evident as thickened alveolar septa, interstitial and/or intra-alveolar edema, increased numbers of macrophages, intensified adhesiveness of malaria pigment-containing monocytes, septal pneumonitis with monocyte infiltrates, and occasional hyperplasia of type II pneumocytes (Fig. 4E to G) . Three out of 16 mice revealed hemorrhagic infarcts of the lung, and 1 mouse showed alveolar macrophages with hemosiderin pigment (Fig. 4G) .
The deceased mice also suffered from acute renal failure, as indicated by acute tubular necrosis and chromoprotein cylinders (Fig. 4H) . In acute tubular necrosis, necrosis occurs mainly in the proximal tubular epithelium and is characterized by cells with no nuclei and homogenous, intensely eosinophilic cytoplasm. Necrotic cells penetrate the lumens of tubules, which become obliterated, eventually resulting in acute renal failure (Fig. 4I) . Finally, the liver revealed large necrotic areas (Fig. 4K) .
In this context, however, it should also be mentioned that taut ϩ/ϩ mice killed at peak parasitemia on day 8 p.i. did not reveal such dramatic pathological changes in the brain, lung, heart, kidney, and liver as taut Ϫ/Ϫ mice that succumbed to infection during crisis (see Fig. S1 in the supplemental material).
DISCUSSION
Previous studies of different mouse malaria models have revealed that blood-stage malaria is under complex control, a Blood was taken from mice, and plasma was prepared and analyzed, as described in Materials and Methods. Significance was evaluated with Student's t test; P values of Ͻ0.01 were considered significant. ␥-Glutamyltransferase activity was lower than 3 U/liter in all samples.
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on October 2, 2017 by guest http://iai.asm.org/ involving both genes of the mouse major histocompatibility complex (MHC), i.e., the H-2 complex, and genes of the non-H-2 background (42, 57, 58), as well as soluble factors, such as testosterone (57, 58) and estrogen (5, 6) . Different genes and/or loci of the non-H-2 background have already been reported to be critical for a fatal outcome of malaria (14, 15, 21, 30, 35, 41) . Here we report another critical gene of the non-H-2 background, i.e., the taut gene, encoding the taurine transporter TAUT. Indeed, deletion of the taut gene causes loss of the mice's ability to self-heal blood-stage infections with P. chabaudi. Our data, however, also indicate that it is not the loss of the taut gene or the gene product TAUT per se that causes the fatal outcome of malaria. Rather, it is the physiological consequence, namely, the breakdown of taurine homeostasis, evident as lowered levels of taurine in the cells and blood, since taurine is the major factor transported by TAUT. Indeed, deletion of taut results in a reduction of about 50% in taurine levels in the blood plasma, which, in turn, is associated with a lowering of intracellular taurine levels, as shown previously (20, 50, 51) . Moreover, the taurine levels in taut Ϫ/Ϫ mice are lowered another 25% at peak parasitemia. This suggests that the fatal outcome of P. chabaudi infections during crisis is causally related to taurine deficiency. However, the taurine deficiency per se is not lethal; rather, it becomes lethal only when mice have to respond to P. chabaudi infection. This becomes evident at peak parasitemia, when taut Ϫ/Ϫ mice exhibit significant increases in parasitemia, systemic cytokine levels, and liver damage relative to those for taut ϩ/ϩ mice, which exhibit normal taurine homeostasis even at peak parasitemia.
There is ample evidence that lowered taurine levels also critically affect the stability of cells (18) . In accordance, our findings suggest altered stability of, e.g., macrophages and parasitized erythrocytes. Indeed, P. chabaudi infections in taurinedeficient nonhealer taut Ϫ/Ϫ mice result in a peak parasitemia that is approximately 60% higher, on average, than that for self-healer taut ϩ/ϩ mice. But even noninfected erythrocytes exhibit a different level of stability, as indicated by previous data showing that erythrocytes of taut Ϫ/Ϫ mice are characterized by impaired eryptosis (apoptosis of erythrocytes) (31) . Such impaired eryptosis may be even further delayed by intraerythrocytic P. chabaudi, as is known to occur for host cells infected by other intracellular parasites (1, 32, 49) . Recent evidence indeed has shown impaired eryptosis of erythrocytes infected with Plasmodium berghei (26) or Plasmodium falciparum, presumably due to a parasite-maintained low Ca 2ϩ concentration in the cytosol of the host erythrocyte (23) . Moreover, the macrophages of taut Ϫ/Ϫ mice appear to change their stability in response to malaria, as circumstantially indicated by the increased systemic levels of TNF-␣ and IL-1␤, which are produced primarily by macrophages. This accords with other data showing, conversely, that taurine is able to dampen the effect of proinflammatory cytokines, including IL-1␤ (12) and TNF-␣ (10, 24, 33, 34, 44, 47, 60) .
About 80% to 90% of all macrophages reside as Kupffer cells in the liver, in particular in the periportal area, supervising the invasion of pathogens (18) . It is therefore reasonable to assume that taurine deficiency also affects the stability of malaria-activated Kupffer cells in taut Ϫ/Ϫ mice, which presumably release more proinflammatory cytokines than taut ϩ/ϩ mice, thus contributing to the increased levels of circulating TNF-␣ and IL-1␤. The increased release of TNF-␣ and IL-1␤ may, in turn, induce local inflammatory responses, which may be associated with more-pronounced liver injuries in taut Ϫ/Ϫ mice than in taut ϩ/ϩ mice (4). This view, that increased liver injuries are due predominantly to overwhelming host responses to infection, is also supported by our data showing increased ammonia levels in malaria-infected taut Ϫ/Ϫ mice and perturbed particle-entrapping activity of the liver at peak parasitemia. However, our analyses of hepatic gene expression indicate that the liver is obviously not uniformly damaged in response to malaria, since only some genes, such as those encoding IL-1␤, TNF-␣, IL-6, iNOS, NF-B, and VDR, show increased expression; the expression of others, such as the CYP3A11, CYP7A1, SULT2B1, UGT1A1, and MRP4 genes, is the same in taut Ϫ/Ϫ mice as in taut ϩ/ϩ mice. The malaria-induced increase in the systemic ammonia levels of taut Ϫ/Ϫ mice ultimately contributes to injuries in other organs, which also suffer from the lowered taurine levels due to the breakdown of taurine homeostasis. In particular, it is known that increased ammonia levels lead to hepatic encephalopathy, characterized by astrocyte swelling and low-grade cerebral edema (19, 36, 55) . Our data reveal that the brains of the taut Ϫ/Ϫ mice that succumbed to malaria were massively damaged. Incidentally, human P. falciparum malaria patients suffer from hepatic encephalopathy (25) . Although brain damage, such as that which occurs in taut Ϫ/Ϫ mice, could be a sufficient and exclusive cause for death, our autopsy analysis also revealed massive injuries in other organs, such as the lung, kidney, and heart. Incidentally, taut Ϫ/Ϫ are prone to pressure overload and cardiac hypertrophy (50, 51) . All these data indicate multiple organ failure as the cause of death for malaria- a Blood was taken from mice, and serum was prepared and analyzed, as described in Materials and Methods. Significance was evaluated with Student's t test; P values of Ͻ0.01 were considered significant. ␥-Glutamyltransferase activity was lower than 3 U/liter in all samples.
infected taut Ϫ/Ϫ mice. Obviously, taut Ϫ/Ϫ mice, due to their taurine deficiency, are not able to robustly activate those mechanisms that mediate self-healing from P. chabaudi malaria, as taut ϩ/ϩ mice do. Collectively, our data show that the breakdown of taurine homeostasis, manifesting as lowered taurine levels as a consequence of taut deletion, is not lethal per se but becomes lethal in response to blood-stage malaria. Obviously, the taut gene and taurine homeostasis are essential for self-healing of P. chabaudi blood-stage malaria. It remains to be seen whether taurine deficiency also affects the outcome of human malarial infections.
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